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ABSTRACT

Introduction The aim of the Osteoporosis Prevention
Through Impact and Muscle-loading Approaches to

Exercise trial is to compare the bone response to two

known osteogenic stimuli — impact loading exercise and
resistance training. Specifically, we will examine the effect
of a 10-month, twice-weekly, high-intensity impact loading
exercise intervention and a 10-month, twice-weekly, high-
intensity resistance training intervention on bone mass and
strength at clinically important skeletal sites. The intervention
groups will be compared against a home-based ‘positive’
control group. Safety and acceptability of each exercise
modality will also be determined.

Methods and analysis Sedentary otherwise healthy young
women aged 18-30 years with bone mineral density (BMD)
T-scores less than or equal to 0 at the hip and lumbar spine,
screened for conditions and medications that influence bone
and physical function, will be recruited. Eligible participants
are randomised to 10-month, twice-weekly, either supervised
high-intensity impact training, high-intensity resistance
training or a home-based ‘positive’ control group. The
primary outcome measure will be lumbar spine areal BMD,
while secondary outcome measures will include: whole body,
femoral neck and regional measures (upper and lower limb)
of bone, muscle and fat; anthropometrics; muscle strength
and power; quality of life and exercise safety, enjoyment
and acceptability. All outcome measures will be conducted
at baseline (T0) and 10 months (T10) and will be analysed
according to the intention-to-treat principle and per protocol.
Ethics and dissemination The study has been granted
ethical approval from the Griffith University Human
Research Ethics Committee (GU Ref: 2015/775). Standard
scientific reporting practices will occur, including
publication in peer-reviewed journals. Participant
confidentiality will be maintained in all forms of reporting.
Trial registration number ACTRN12616001444471.

INTRODUCTION

Osteoporosis is a progressive metabolic bone
disease characterised by the loss of bone
mineral density (BMD) and compromised
bone strength predisposing to an increased
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Strengths and limitations of this study

» This will be the first trial to investigate the
comparative efficacy and safety of high-intensity,
progressive impact loading versus high-intensity
progressive resistance training programme on
determinants of fracture risk of both the upper and
lower limbs for healthy young adult women.

» While dual-energy X-ray absorptiometry (DXA)-
based bone mineral density remains the clinical
standard for bone mass estimation, the inclusion
of 3D DXA and peripheral quantitative CT outcomes
will provide an account of morphological bone
adaptations beyond standard bone mineral density
measures.

» By necessity, a single investigator will conduct
both data collection and participant training which
increase the risk of ascertainment bias.

» Given that our cohort comprises healthy young
adult women, our findings may not be applicable
to men nor to young women suffering from clinical
conditions or pathologies.

susceptibility to fracture.! The condition
currently affects 1.2million Australians,” and
a further 6.3million Australians have osteo-
paenia.® In fact, approximately one in four
women aged over 50 and one in two women
aged over 80 are osteoporotic.” A recent
Burden of Disease analysis concluded that
the total costs of osteoporotic fractures over
the next 10 years in Australia alone will be
$33.6billion.” An important risk factor for
osteoporosis in old age is an inadequate accu-
mulation of peak bone mass prior to skeletal
maturity." Epidemiological studies suggest
that a 10% higher peak bone mass will reduce
the risk of fracture by 50%,” thus highlighting
the importance of maximising peak bone
mass. As peak bone mass occurs by the end of
the third decade,6 the maximisation of bone
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mass prior to skeletal maturity is an important strategy to
prevent osteoporosis in old age.

The skeletal response to exercise is highly depen-
dent on the nature of the activity. Animal research has
established that the most osteogenic loads are those that
induce high-magnitude bone strains’ at high loading
rates.” ¥ Therefore, it is unsurprising that high-impact
exercise (such as landing from a jump) or forceful muscle
contractions (such as heavy resistance training) are
required to stimulate adaptive changes in human bone."
Some debate has occurred as to the predominant source
of the adaptive stimulus—muscle forces or gravity-derived
impact loads."" The determination of the most effective
source of loading would provide grounds for optimal
exercise prescription for bone health. Both resistance
training'*"* and jump training'™"" produce positive
effects on bone health in young adult and premeno-
pausal women. BMD targeted exercise interventions in
premenopausal women resulted in significant improve-
ments at the femoral neck and lumbar spine with effect
sizes of 0.342 and 0.201, respectively, using a random
effects model."® However, there are few direct compari-
sons of the effectiveness of specific exercise modalities on
bone mass in young women.'? Furthermore, a compar-
ison of the effect of high-impact loading and heavy resis-
tance training on bone of the upper and lower limbs has
not been undertaken.

High-impact weight-bearing exercise, in the form of
jumping, has been shown to improve bone mass in young
and middle-aged adults.* *! Although the effect is often
limited to the femoral neck,'® ** * significant improve-
ments in lumbar spine BMD have also been observed.**
This is highlighted further by the significant improve-
ment at the femoral neck, but not the lumbar spine
based on weighted mean BMD differences of 0.017g/
cm® and -0.001g/cm® from high-impact interventions in
premenopausal women.”' For premenopausal women, a
positive relationship exists between impact intensity and
proximal femur BMD change above accelerations of 3.9g,
and greater than 5.4 g at the lumbar spine.”” Such accel-
erations correspond with the ‘high intensity’ domain
for mechanical loading forces, which is defined as loads
greater than four times body weight.® ‘High intensity’
impact training is therefore likely to be most fruitful for
improving bone mass at both clinically relevant skeletal
sites.

Although not wuniversally effective, resistance
training has also been observed to improve BMD.*"
In contrast with impact exercise, resistance training
appears to have a greater effect on the lumbar spine
than the hip, exhibiting a weighted mean difference
of 0.014g/cm® and 0.001 g/cm”, respectively.”” Where
studies have shown no effect or only maintenance of
BMD, resistance training intensity was low to moderate,
that is, 60% or less of 1 repetition maximum (RM).'23!
In fact, the American College of Sports Medicine posi-
tion stand on physical activity and bone health and the
Exercise and Sports Science Australia position stand

on exercise for osteoporosis both state that resistance
training must be site specific and of high intensity to
cause an increase in bone mass in young adult and
premenopausal women.”**® Nevertheless, most studies
have examined resistance training at moderate inten-
sities, such that high-intensity progressive resistance
training (>85% 1RM, 3-5 reps) has not been fully
explored for bone in this demographic.

Loads from the squat and deadlift exercises at the
hip and spine can reach 5-8 times body weight,** *
suggesting adequate force to increase bone mass. Two
recent studies specifically examined the effect of
high-intensity resistance training on bone mass of
young adult women. One focused on machine hack
squats with a regime of four sets of 3-5 reps at >85%
1RM and produced significant within-group change
in lumbar spine and total hip BMD, but no between-
group difference at follow-up.”® The second study used
large multijoint exercises such as bench press, squats
and deadlifts at 67%-95% 1RM over a 24-week training
period in college-aged men and women; however,
unremarkable findings were reported for the female
participants.”” The short duration and modest sample
sizes of both studies, however, likely limit the strength
of their findings. Adequately powered randomised
controlled trials (RCTs) employing sufficiently
long-duration resistance training of optimum type,
intensity and volume of loading are required.'®*"**

The most common sites of osteoporotic fracture
are the spine, hip and wrist.” Spine and hip fractures
account for the greatest morbidity and mortality but
occur most often in older people, while wrist frac-
tures occur earlier in life and carry a lifetime risk
of 15% in women." In spite of the evident burden
of wrist fractures, the upper limb has been largely
overlooked as a target for bone health interven-
tions. Moreover, few studies have looked specifi-
cally at the upper limb bone response to resistance
training,*" ** or the effect of impact loading on upper
limb bones.*” Observational data demonstrate that
participation in weight lifting exercise is positively
associated with bone density of both the upper and
lower limbs.** *> Furthermore, those who participate
in fight sports have higher bone mineral density than
controls, including greater arm bone mineral density
than controls and active/sporting populations.***’
As the efficacy of punching-based upper limb impact
exercises on bone health has not been examined in
a randomised controlled study design, causality is yet
to be confirmed.

The proposed project takes a novel approach to
comparing the bone response to high-intensity impact
loading exercise and high-intensity resistance training
in a human exercise model to clarify relative effects.
The determination of a most effective source of
loading would provide grounds for optimal prescrip-
tion for osteogenic exercise strategies for young adult
women.
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METHODS AND ANALYSES

Study aims

The aim of the Osteoporosis Prevention Through Impact
and Muscle-loading Approaches to Exercise (OPTI-
MA-Ex) trial is to examine and compare the efficacy of
a 10-month training intervention of two known osteo-
genic loading methods, predominantly impact loading
versus predominantly muscle loading exercise in young
women with lower than average bone mass. Additionally,
we will determine the safety and acceptability of each
exercise training mode. Intervention group responses
will be compared with each other, and against a home-
based ‘positive’ control group. For our primary outcome
measure of lumbar spine BMD, we hypothesise that the
resistance training group will show greater improvements
when compared with the impact training group and that
both intervention groups will show greater improve-
ment than the home-based ‘positive’ control group. For
secondary outcome measures, we hypothesise greater
improvement of hip BMD in the impact group compared
with the resistance training group; and for upper and
lower limb peripheral bone strength measures, there
will be no difference between the intervention groups,
but the improvement will be greater in these groups
compared with the home-based ‘positive’ control group.
Furthermore, we hypothesise that there will be no differ-
ence between groups for quality of life, adverse events,
safety, compliance, acceptability and enjoyment.

Study design
The OPTIMA-Ex trial will be conducted as a three-arm,
single-blinded, single-centre randomised controlled

exercise intervention trial. Participant flow is illustrated
in figure 1. Eligible participants will be randomised to
10-month, twice-weekly, supervised high-intensity impact
training, supervised high-intensity resistance training
or a home-based ‘positive’ control group. A 10-month
training period has been adopted to provide sufficient
time for changes to be detected using densitometry, as a
bone remodelling cycle takes approximately 4-6 months
with additional time required to mineralise new osteoid.”
It has been suggested that a minimum of 6-8 months is
required to achieve a new steady-state bone mass that
is measurable with densitometry.”® The study protocol,
where applicable, adheres to the Standard Protocol
Items: Recommendations for Interventional Trials guide-
lines for clinical trial protocols.”’ Outcome measures will
be conducted at baseline (T0) and 10 months (T10).

Setting and recruitment

Data collection and training will occur in the School of
Allied Health Sciences, Griffith University, Gold Coast
campus, Queensland, Australia. Baseline and follow-up
assessments will take place in the Bone Densitometry
Research Laboratory. The supervised impact training
sessions will take place in the Movement Laboratory
Research Facility and the supervised resistance training
sessions will be conducted in the Strength Training

Research Facility. Recruitment will be achieved with the
use of local print media and radio, social media, flyers,
study website (www.optima-ex.com) and word-of-mouth.
Formal recruitment for the study began in November
2016 and will continue until November 2017.

Participant eligibility and screening

Sedentary, otherwise healthy, young adult women (18-30
years) with below average bone mass (BMD T-=score less
than or equal to 0 at the lumbar spine and hip) will be
recruited for the OPTIMA-Ex trial. Participants must be
willing to undertake a 10-month exercise programme
and be randomly allocated to any of the three training
groups. Participants will be unaware of the specific
training exercises implemented in the groups other than
their own. Furthermore, all participants will be unaware
of the hypothesised effects of each group. Volunteers will
be excluded based on the following criteria: musculoskel-
etal or medical conditions affecting the ability to partici-
pate in high-intensity physical activity, medications (other
than contraceptive medications) or medical conditions
known to effect bone health, change of contraceptive
medication in the past 12 months, cancer, uncontrolled
cardiovascular disease, greater than two X-rays in the past
12 months and current regular participation in an exer-
cise programme known to influence bone or previous
competitive or regular participation (more than once per
week for lyear or one full season) in resistance training
or boxing (including other fight sports and martial
arts), gymnastics/dance sports (gymnastics, ballet, aero-
bics, cheerleading), court sports (volleyball, basketball,
netball), ball sports (Australian rules, rugby league/
union, soccer, touch) or racquet sports (badminton,
squash, tennis) over the past 4years.

Initial screening will be conducted by the investigator
via phone to establish eligibility based on the exclusion
criteria. Disclosure of pre-existing medical conditions
or injuries that may increase the risk of an adverse event
occurring during vigorous intensity exercise (ie, heavy
resistance training or high-impact activity) will result in
exclusion from the study. Any current medications will be
carefully examined for any known effect on bone metab-
olism. Once deemed eligible from the initial screening,
potential participants will be asked to attend baseline
testing at the Bone Densitometry Research Laboratory at
Griffith University. Prior to testing, each participant will
provide written informed consent. Participants will be
eligible for inclusion if they exhibit below average bone
mass (BMD T-score less than or equal to 0 at the lumbar
spine and hip). Participants will be withdrawn from the
trial if: (1) consent is withdrawn, (2) change in medica-
tion of relevance to bone (ie, contraceptive medication)
occurs, (3) injury or illness occurs preventing further
participation, (4) advised to cease training by a medical
professional (ie, their general practitioner) or (5) addi-
tional exercise deemed as frequent (ie, weekly), osteo-
genic in nature or moderate to vigorous in intensity is
commenced during the trial.

Lambert C, et al. BMJ Open 2017;7:€016983. doi:10.1136/bmjopen-2017-016983

“ybuAdoo Aq parosioid 1sanb Aq 202 ‘6 udy uo jwod fwqg-uadolwg//:dny wolj papeojumoq ‘2 T0Z Joquwaidas T uo £869T0-/T0Z-uadolwg/9eTT 0T Sk paysiignd 1siy :uado NG


www.optima-ex.com
http://bmjopen.bmj.com/

Open Access 8

| Expressed interest in participating in trial }
[ Assessed for eligibility preliminary phone screening ]

@ELIGIBLE FOR INTERVENTION \

Exclusion criteria:

« Conditions or medications that af-
fect musculoskeletal health

« Current resistance or impact train-

L
] ing
§ « Recent notable radiation exposure
[ « Recent fracture
u‘i - Lower extremity surgery/injury
» Malignancy
\Recent change in contraceptives /
v
<
[ Reassessed for eligibility at secondary screening (DXA of hip and spine)
J
~
INELIGIBLE FOR INTERVENTION
« T-score>0
« Late disclosure of exclusion criteria
/
A4
[ Baseline assessment of eligible participants
i \
[ Random group allocation
J
l A Y
- N\ . - N\ ) h
g Impact training Resistance training Home “sham” exercise
=
s L program I program J program )
= i l l
< e e N
4 week familiarisation 4 week familiarisation 4 week familiarisation
. . . J/
4 N [ N 7 N
Training protocol Training protocol
Punch measures 1 RM measures Training protocol
Weeks 2, 4, 12, 24, 36, 44 Weeks 12, 24, 36, 44
- l AN 1 J l J
0
g. 0 10 month follow-up assessment
>
1 —
3@ l
S5
(o] .
L g ITT and per-protocol analysis performed

Figure 1 Proposed participant flow (CONSORT diagram). DXA, dual-energy X-ray absorptiometry; ITT, intention-to-treat; 1
RM; one repetition maximum.
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Randomisation, allocation and blinding

Eligible participants will be randomised to either high-in-
tensity impact training, high-intensity resistance training
or home-based ‘positive’ control exercise. A random
number generator (Microsoft Excel, Microsoft, Redmond,
Washington, USA) will be used to generate either a 0, 1
or 2 to correspond with home-based ‘positive’ control
group, high-intensity resistance training group and the
high-intensity impact training group, respectively. The
randomisation allocation for each participant will be
conducted in advance by an individual independent of
the study team. The allocation sequence will be sealed in
opaque envelopes and locked in a filing cabinet remote
from the testing site. The independent individual will
provide envelopes sequentially at the end of the baseline
testing session and remain present to witness group allo-
cation. Therefore, the investigator performing baseline
assessments will be blinded to the allocation sequence,
which will only be revealed after completion of baseline
evaluations. Participants in the three exercise groups will
perform training separately, and will not be aware which
exercise programme is hypothesised to be more effective.
Follow-up testing will not be assessor blinded to maintain
the highest level of test-retest reliability.

Exercise interventions

High-intensity progressive impact training programme
Participants allocated to the impact training intervention
group will attend twice-weekly, instructor-led, high-inten-
sity impact training at our exercise facility. Each session
will be approximately 40 min in duration and performed
on non-sequential days. A maximum trainer-to-partici-
pant ratio of 1:8 will be maintained.

To ensure a safe transition, the first month of training will
serve as familiarisation to impact activity. Low-load jumping
exercise with a focus on controlled jumping and landing
with safe movement patterns will be taught with the view to
progress to more advanced jumping techniques through
the programme. Participants will also be taught correct
punching technique and various punching combinations
using boxing gloves (Pro Bag Busters, Punch Equipment,
Australia) and focus pads (Thumpas Focus Pads, Punch
Equipment, Australia) with the view to progress to more
advanced punching combinations on a 5-foot heavy bag
(Trophy Getters Boxing bag, Punch Equipment, Australia)
with padded hand wraps (Punchfit Quickwraps, Punch
Equipment, Australia) alone in both orthodox and southpaw
position. Such familiarisation is necessary to reduce the like-
lihood of injuries. From months 2-10, participants will be
able to comfortably perform the fundamental upper limb
(jab, cross and hook) and lower limb (jump, hop, drop
jump) impact exercises. High-intensity impact has been
previously defined as ground reaction forces of greater than
four times the body weight® and, therefore, the lower limb
loading intervention includes impact exercises that produce
impacts of greater than four times the body weight based
on previously published data from our laboratory.”® The
fundamental exercises will be performed throughout the

remainder of the intervention period with progressively
increasing height of drop jumps from 15cm to 80cm over
the duration of the trial with increases every 7 weeks. The
complexity of jumps and hops will occur with increases in
hurdle height, changes in directionality of task as well as
force of landing with participants progressing from shod to
barefoot after the familiarisation phase (week 4). Further-
more, the power and complexity of punching combina-
tions will increase every 7 weeks. Measures of punch force
and velocity will take place at 2, 4, 12, 24, 36 and 44 weeks
using a GymAware device (Kinetic Performance, Canberra,
Australia) to ensure that participants continue to increase
the load and speed of their maximal punches throughout
the training intervention. Measures of vertical ground reac-
tion force for all jumps included in the intervention will
occur at the completion of the intervention using a floor-
mounted force plate (Advanced Mechanical Technology,
Watertown, Massachusetts, USA), capturing at 1000Hz
using Vicon Nexus software V.1.8 (Vicon, Oxford Metrics,
Oxford, UK). Training diaries will be used to record atten-
dance, exercise compliance, muscle soreness, adverse events
and any changes to diet, exercise or medications.

High-intensity progressive resistance training programme
Participants allocated to the resistance training inter-
vention group will attend twice-weekly, instructor-led,
high-intensity resistance training at our exercise facility.
Each session will be approximately 45min in duration
and performed on non-consecutive days. A maximum
trainer-to-participant ratio of 1:8 is maintained.

To ensure a safe transition into the programme for
those unaccustomed to exercise training, the first month
of the intervention will serve as familiarisation. Low-load
exercise variants with a focus on controlled movement
will be undertaken to ensure that participants can demon-
strate safe lifting technique. A graduated transition serves
to ensure proper form so that technique errors known
to increase injury risk are avoided. From months 2-10,
participants will be able to comfortably perform the six
fundamental compound exercises (deadlift, back squat,
bench press, overhead press, bent over row and calf raise)
using Olympic weights. The six fundamental exercises
will be performed throughout the duration of the inter-
vention period with a focus on progressively increasing
weight to maintain a minimum of 85% 1 RM for five sets
of 3-5 repetitions. If a weight is able to be lifted for five
sets of five repetitions, the load will be increased by 2.5 kg
for at least one set in the following session. Measure-
ments of 1 RM will take place every 12 weeks to ensure
sufficient progression of resistance training exercises.
During months 2 and 3 (prior to the first I RM testing),
participants will perform each exercise at five sets of 3-5
repetitions as previously described, lifting the maximum
weight possible for five repetitions while maintaining
correct form. Training diaries will be used to record atten-
dance, exercise compliance, weights lifted, muscle sore-
ness, adverse events and any changes to diet, exercise or
medications.
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Home-based ‘positive’ control exercise programme
The home-based exercise programme consists of a
low-load and low-intensity circuit training regime to serve
as a positive control. Participants will be asked to exercise
twice per week for approximately 30-45 min. The sessions
consist of shadow boxing and low-load body weight exer-
cises (abdominal crunches, bridges, side planks, front
planks as well as upper and lower limb stretches) in a
low-intensity circuit training format. Participants will
warm up with a 10-min walk, followed by a low-load and
low-intensity circuit, building from one circuit per session
to three circuits per session by the end of 10 months with
1-2min rest in between each circuit. Each session will be
followed by gentle, targeted stretches as a cool down. As is
the case for the supervised groups, the first month of the
programme will serve as familiarisation to ensure a safe
transition to the activity. Participants will be instructed
on how to perform the exercises at their initial testing
session and will be provided with a training diary and a
handout with photographs of all exercises. Participants
also have access to the OPTIMA-Ex YouTube channel,
which will step them through each shadow boxing exer-
cise progression so they can follow along at their own
pace. The YouTube channel is unlisted and can only be
accessed via the URL which will be sent to the home-based
group via email. Training diaries will be used to record
exercise compliance, muscle soreness, adverse events and
any changes to diet, exercise or medications.

Weekly emails will be sent to participants to keep regular
contact, to monitor progress and to reinforce reporting
of training diary entries.

Outcome measures

Assingle investigator (CL) will conduct all outcome measures
at baseline and 10-month follow-up for all participants using
identical equipment and standardised procedures (table 1).

Primary outcome

The primary outcome will be the change in lumbar spine
areal bone mineral density (aBMD; Dual-energy X-ray
Absorptiometry (DXA), Medix DR, Medilink, France).

Secondary outcomes

Secondary outcomes will include: changes in bone strength
indices of whole body, proximal femur, lumbar spine,
radius, tibia and calcaneus; the comparison between upper
and lower extremity bone strength outcomes; changes in
anthropometrics and body composition; changes in muscle
strength and power; as well as changes in quality of life, exer-
cise enjoyment and acceptability.

Bone strength indices

DXA (Medix DR, Medilink, Perols, France) will be used
to determine aBMD, bone mineral content and bone
area for whole body, lumbar spine, bilateral proximal
femur and bilateral distal forearm following standard
procedures. For the whole body scan, participants will be
supine with their arms by their sides, and legs extended.
The lumbar spine scan requires participants to be supine,

with their hips flexed approximately 60-70 degrees using
a foam block under their legs to ensure the lumbar spine
curvature is flattened. For the proximal femur scans,
participants will be supine with feet separated and the test
hip internally rotated to 20 degrees using a positioning
device. This process will be repeated for the contralateral
limb, as both proximal femora will be examined. The
forearm scans will require the participant to be seated
next to the DXA scanner, with their shoulder abducted
and elbow flexed so that the pronated forearm rests on
the scanning bed. This process will be repeated for the
contralateral limb, as both forearms will be examined. All
scans will be acquired through an automated procedure
initiated by the investigator from a designated computer
console. The coefficients of variation for DXA-derived
aBMD of whole body, lumbar spine, total hip (left and
right), femoral neck (left and right), distal forearm (left
and right) range from 0.83% to 2.21%. Data analysis for
DXA scans will be undertaken with host software (Medix
DR, Medilink, Eaxiz software V.4.0.2.4). Geometric and
volumetric density parameters of the proximal femur will
be calculated using 3D hip analysis software (DMS Group,
Mauguio, France) from the standard hip scans.

Indices of bone strength, including geometric param-
eters and volumetric bone mineral density, will be
determined from bilateral radius and tibial scans using
peripheral quantitative CT (pQCT, XCT-3000, Stratec
Medizintechnik GmbH, Pforzheim, Germany). For both
radius and tibial scans, the limb will be positioned in the
gantry on a Perspex support (with bubble wrap to sepa-
rate limb from Perspex) and secured with Velcro straps to
reduce the likelihood of movement. To identify scanning
regions, ulna and tibial length will be measured prior to
positioning and a scout scan will be used to locate the
distal end plates of the radius and tibia, respectively. Data
analysis for pQCT scans will be undertaken with host
software (Stratec XCT-3000, Medizintechnick GmbH)
and loop analysis techniques defined by Bone Diag-
nostic (Spring Branch, Texas, USA). For radius scans, the
4% and 66% sites will be used, whereas for tibial scans,
the 4% and 38% sites will be examined. These regions
have been selected in order to assess trabecular and
cortical bone as well as muscle, and to be comparable
with relevant recent pQCT studies using the XCT-3000
(Stratec, Medizintechnik GmbH).%*® The coefficients of
variation for the pQCT bone outcomes range from 0.74%
to 2.71% at the 4% tibial site; from 0.21% to 1.40% at the
38% tibial site; from 0.96% to 5.05% at the 4% radius site;
and from 0.62% to 3.27% at the 66% radius site.

Parameters of calcaneal bone quality will be assessed
using Quantitative Ultrasonometry (Lunar Achilles
InSight, GE Healthcare, Wisconsin, USA). Participants
will be seated in a chair, with the knee of the limb to be
examined flexed at approximately 60 degrees, the hip
neither abducted nor adducted and the heel positioned
midway between the walls of the heel well. Participant
details will be entered and a scout image will be obtained
to ensure correct placement of the participant’s heel
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Measure Unit Data collection method

Lumbar spine aBMD g/cm? DXA (Medix DR, Medilink, Perols, France)

Bone strength indices

Lumbar spine (BMC; area) g; cm?

Distal forearm (@BMD, BMC) g/cm? g

Total hip (vBMD; cortical thickness; volume) g/cm®; mm; cm?®

Leg—4% and 38%, (content; vBMD; CSA; thickness;  mg; mg/cm®; mm?; mm;
circumference; polar section modulus; polar SSI; BSl)  mm; mm?; mm?®; g*/cm*

Anthropometrics

Weight Mechanical beam scale (Seca)

=
«Q

Body composition

Forearm—66% (muscle CSA; muscle density) mm?; mg/cm?® pQCT (XCT-3000, Stratec Medizintechnik
GmbH)

Muscle strength

Back extensor isometric strength kg Dynamometer (Lafayette Manual Muscle
Testing Systems, USA)

Muscle Power

Physical activity

Calcium Consumption

Quality of Life

Exercise acceptability

Continued

~
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Table 1 Continued

Measure Unit

Data collection method

Exercise enjoyment,

Overall score

PACES questionnaire

Barriers and facilitators See text Semistructured interviews
Safety and compliance

Safety See text Training diary

Compliance %

aBMD, areal bone mineral density; AQoL, Assessment of Quality of Life; BMC, bone mineral content; BPAQ, Bone-specific Physical Activity
Questionnaire; BSI, bone strength index; BUA, broadband ultrasound attenuation; CSA, cross-sectional area; DXA, dual-energy X-Ray
absorptiometry; PACES, Physical Activity Enjoyment Scale; pQCT, peripheral quantitative CT, QUS, quantitative ultrasound; Sl, stiffness

index; SOS, speed of sound; vBMD, volumetric bone mineral density.

before the full examination is undertaken via a device-au-
tomated procedure. The coefficients of variation for the
quantitative ultrasound measures of the calcaneus range
from 0.30% to 2.44%.

Anthropometrics and body composition

Height and weight will be determined using a wall-
mounted stadiometer (Seca, Hamburg, Germany) and
mechanical beam scale (Seca), respectively. National
Institute of Health guidelines57 will be followed for the
measurements of waist circumference. Whole body scans
from DXA (Medix DR, Medilink) will be used to deter-
mine parameters of body composition, including body
fat percentage, lean mass and fat mass. Upper and lower
extremity pQCT scans (Stratec XCT 3000, Medizintech-
nick GmbH) will be used to examine muscle cross-sec-
tional area and muscle density of the forearm and leg at
the 66% site.

Muscle strength
Lower extremity maximal isometric strength will be
assessed with a leg strength dynamometer (TTM Muscle
Metre, Tokyo, Japan). Participants will stand on a plat-
form with their knees flexed to 115° and their back
against the wall. They will then be instructed to grasp a
bar connected by a chain to the platform with arms fully
extended, with their back and head against the wall and
attempt to stand upright by pushing only with their legs.
The test has been shown to have excellent test-retest reli-
ability (Pearson’s =0.97, p<0.001) and has been validated
against the current gold standard of isometric muscle
strength, isokinetic dynamometry (Pearson’s r=0.84,
p<0.001) (unpublished data, conference abstract).’®

A handheld dynamometer (Lafayette Manual Muscle
Testing Systems, Lafayette, IN, USA) will be used to
measure maximal isometric back extensor strength. The
participant will stand with their back to the wall midway
between two designated anchor points. An inelastic strap
will then be firmly secured across the pelvis approxi-
mately 1cm below the anterior superior iliac spine to
prevent movement away from the wall during the trial.
To perform the task, the participant will fold their arms
across their chest, flexing forward to allow placement
of the hand held dynamometer between the seventh

thoracic vertebra and the wall. The participant will then
push back as hard as possible for 3s. This assessment of
back extensor strength demonstrated excellent long-term
test-retest reliability (Pearson’s 7=0.926) and has been
validated against isokinetic dynamometry (Pearson’s
=0.853).%

Maximal grip strength will be assessed using an
isometric handheld dynamometer (JAMAR Plus+,
Patterson Medical, Sammons Preston, Bolingbrook, Illi-
nois, USA). Participants will sit upright in a chair with
feet touching the floor, knees and hips at 90°, their arm
by their side and neutrally rotated, elbow flexed to 90°,
with the forearm and wrist in a neutral position. Partici-
pants will then squeeze the handheld dynamometer with
maximum effort.

Muscle power

A counter movement vertical jump test will be used to
examine lower extremity muscle power. Participants will
be required to complete a 5-min warm-up on a cycle
ergometer (Ergomedic 818E, Monark, Sweden) at 50
watts, prior to the maximal vertical jump test. Partic-
ipants will then perform a maximal vertical jump on a
floor-mounted force plate (Advanced Mechanical Tech-
nology). Three-dimensional ground reaction forces will
be captured at 1000 Hz using Vicon Nexus software V.1.8
(Vicon, Oxford Metrics). Using previously described
methods,” vertical ground reaction force from the point
of stationary standing (prejump) to the point of take-off
will be used to calculate impulse.

Bone-specific physical activity

The Bone-specific Physical Activity Questionnaire
(BPAQ)61 is a self-report questionnaire to quantify current
and historical physical activity according to its osteogenic
effect. Participants will be asked to record all activities
they have participated in for a year or more throughout
their lifetime, as well as list all activities they have engaged
in regularly over the past 12 months. The questionnaire
is scored using a custom-designed Microsoft Visual Basic
executable programme to generate a bone-specific
score from algorithms that rank and weight activities
based on rates and magnitudes of loading (http://www.
fithdysign.com/BPAQ/). A high level of reliability has
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been demonstrated with this instrument, with intraclass
correlation coefficients of 0.92-0.97.%

Dietary calcium intake

Daily calcium intake, including supplementation, will be
estimated with the AusCal questionnaire. The AusCal is a
calcium-focused diet questionnaire specific to the Austra-
lian diet” that employs a list of calcium-rich food items to
record consumption over the past 12 months, including
frequency (per day, week or month) and approximate
serving size. Questionnaires are scored using a custom-
written FoodWorks software (V.7, Xyris Software, Bris-
bane, Australia) to estimate average daily calcium intake

(mg per day).

Quality of life

The Assessment of Quality of Life questionnaire (AQoL)
will be used to measure participant’s health-related
quality of life. The instrument has six separately scored
dimensions, with variable item numbers and response
levels to produce a simple global ‘utility’ score.”* The
AQoL has high internal consistency (0=0.81).” Unlike
other generic utility instruments, a unique feature of the
AQoL is that the utility weights have been derived from an
Australian population sample® and norms of the Austra-
lian population are available.®” As a utility measure, it has
been established that the minimal clinically important
difference of the AQoL is 0.06.%

Exercise enjoyment and acceptability

Participants’ perceptions of physical activity participa-
tion and enjoyment will be recorded using the modified
Physical Activity Enjoyment Scale (PACES) developed
by Mullen and colleagues.” The PACES is an eight-item
self-report questionnaire which requires participants to
select the corresponding number which matches their
feelings towards physical activity on a seven-point Likert
scale, with higher numbers relating to perceived enjoy-
ment. Furthermore, semistructured interviews will be
used to assist in the determination of exercise enjoy-
ment, acceptability and identify potential barriers and
facilitators to exercise participation in all three groups.
The interviews will be led by an independent investi-
gator immediately prior to follow-up testing so that indi-
vidual study results do not influence the participant’s
responses. Dialogue will be recorded digitally with partic-
ipant consent and subsequently transcribed. Transcripts
from each interview will be coded for emergent themes
(NVivo, V.10, QRS International Pty Ltd) to determine
acceptability as well as any barriers and facilitators to
participation in the exercise programme.

Safety and compliance

All participants will have a personal training diary
containing a 10-point visual analogue scale to rate their
degree of muscle soreness prior to each training session
and space to note any changes to diet, health, physical
activity or medications from the previous training session.
All injuries other than muscle soreness (including those

that occur outside of the training programme) will be
recorded. Programme compliance will be examined
through attendance logs where 100% compliance is
defined as completion of 88 sessions over 44 weeks or 10
calendar months. Any adverse events or injuries sustained
during sessions will be documented by the supervising
physiotherapist and monitored for the duration of the
intervention. If further management is required, the
study investigator will refer an injured participant to the
University Physiotherapy and Active Health Centre.

Ethics and dissemination
Ethical approval was given by the Griffith University
Human Research Ethics Committee (GUHREC) (GU
Ref: 2015/775) and the study has been registered with
the Australian New Zealand Clinical Trials Registry (Trial
number ACTRN12616001444471). Compulsory annual
progress reports will be submitted to the GUHREC as
part of the national research ethics framework. A data
monitoring committee was not deemed necessary as
the proposed study is not a pharmaceutical trial and
safety oversight is provided directly by the GUHREC.
Adverse events will immediately be reported directly to
the GUHREC, in accordance with the University Code
for the Responsible Conduct of Research, and the Australian
Code for the Responsible Conduct of Research developed by the
National Health and Medical Research Council.
Standard scientific reporting practices will occur,
including presentations at discipline-specific conferences
and publication in peer-reviewed journals. At the end of
the trial, each participant will be provided with a summary
of study findings including a breakdown of their own
individual results. There are no planned interim analyses
for the OPTIMA-Ex trial. Participant confidentiality will
be maintained in all forms of reporting.

Data integrity

All participant data will be deidentified for analysis
and all publications arising from OPTIMA-Ex trial to
ensure participant confidentiality. All participants will be
assigned a unique identification sequence for the trial.
Hard copy records will be stored in a secure, swipe-card
restricted access laboratory (Bone Densitometry Research
Laboratory), while electronic data will be securely stored
on password protected computers at Griffith University.
No contractual agreements exist to limit data set access;
deidentified data will be shared on a case-by-case basis.
The management, storage and retention of research data
will comply with the Griffith University Code for the Respon-
sible Conduct of Research.

Data analyses and statistical considerations

SPSS V.24.0 (SPSS, Chicago, Illinois, USA) will be used
for all statistical procedures. Descriptive statistics will be
generated for participant characteristics, biometrics and
all dependent measures. Between-group comparisons will
be made using repeated measures analysis of covariance
where age, height, weight, baseline values, contraceptive
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medication use, calcium intake and compliance serve
as covariates. x° analyses will be employed for non-para-
metric data. All participants who have been randomised
will be included in the final analysis at follow-up, irrespec-
tive of compliance or withdrawal from the programme,
in accordance with the principles of an intention-to-treat
analysis. Full information maximum likelihood estimation
will be employed for missing data. Per-protocol compar-
isons will be made for all outcome measures between
the high-intensity impact training and the high-intensity
resistance training groups to examine treatment efficacy.
Statistical significance will be indicated by p<0.05. Sample
size for the OPTIMA-Ex trial is based on the least signif-
icant change (LSC) that is detectable from our device
(Medix DR, Medilink) for our primary outcome measure
of lumbar spine aBMD. The LSC for BMD that can be
detected with 95% confidence is calculated as 2.77 x coef-
ficient of variance (CV) as recommended by the Inter-
national Society for Clinical Densitometry.” Therefore,
based on the CV of our device for female lumbar spine
aBMD (1.06%), our LSC is 2.94%. Applying the LSC to
pilot baseline lumbar spine aBMD data for those who
have met inclusion for the trial (mean of 1.021 g/cm2 and
SD of 0.052 g/cmg), we determine from a two-tailed test
with power of 80% and 0=0.05 that a sample size of 48 will
be required for a minimal detectable change of 0.030g/
cm®. Therefore, we aim to recruit 58 participants into
each group to allow for a potential participant dropout
rate of up to 20%.

DISCUSSION

The OPTIMA-Ex trial will be the first trial to investi-
gate the comparative efficacy and safety of a 10-month,
supervised, high-intensity, progressive impact loading
programme versus a 10-month, supervised, high-inten-
sity progressive resistance training programme on several
determinants of bone health of both the upper and lower
limbs for healthy young adult women with lower than
average bone mass. The comparison of novel exercise
programmes specifically designed to target impact-de-
rived versus muscle-derived bone loading has not been
fully examined, with minimal direct comparisons in
young adult women." Furthermore, previous work has
not examined the comparative effect of ‘true’ high-inten-
sity loading on bone, on the upper and lower limbs at
clinically relevant sites. Moreover, the OPTIMA-Ex trial
will use outcome measures that will account for morpho-
logical changes to bone at these clinically relevant sites
beyond standard bone mineral density measures.

Several limitations warrant justification. First, the
outcome assessor is not blind to group allocation after
completion of baseline testing and will be the supervising
trainer delivering the intervention and evaluating safety.
Regrettably, a blinded outcome assessor is beyond the
means of the current project; thus, the study design has
been adopted out of necessity. We will be implementing a
number of strategies to minimise the risk of ascertainment

bias, including blinded randomisation, as well as quality
assurance procedures that will be conducted on all
outcomes measures by a researcher external to the trial.
Second, it must be noted that it is difficult to compare
overall intensity of the two intervention programmes as
they are two intentionally different exercise modalities.
However, by designing the exercise programme as high
intensity in their respective training domains, the osteo-
genic nature of the two interventions can be compared.
Furthermore, the use of a ‘positive’ control could be
considered a design weakness as we are not comparing
the intervention groups to a true non-exercise control
group. However, the ‘positive’ control group was selected
to aid in participant compliance, retention and blinding
for those assigned to the control group. Further, the ‘posi-
tive’ control acts as an exercise placebo to reduce partic-
ipant ascertainment bias as those randomly allocated
to the control arm of the trial will receive an exercise
training programme that has been designed to provoke
negligible osteogenic benefit. Finally, our study sample
will include sedentary, otherwise healthy young adult
women; therefore, our findings may not be applicable to
young adult women with pathologically low bone mass or
other exclusion characteristics.

In conclusion, the proposed study will assist with the
determination of the most effective source of osteogenic
mechanical loading (muscle or gravity) and provide
grounds for exercise recommendations for the optimis-
ation of peak bone mass in young women. It is intended
that the findings of this unique trial examining both the
upper and lower limbs will provide further insight into
the benefits of high-intensity, bone-targeted exercise
programme for osteoporosis prevention.
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